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Fig. S1. Synthesis route of PAA and its thermo-induced cyclization reaction.
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Fig. S2. FTIR spectrum of PAA.
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Fig. S3. 'H NMR spectrum of PAA in DMSO-ds.
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Fig. S4. FTIR spectrum of PAA sponge.
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Fig. S5. (A) and (B) supplementary TEM images of PAA sponge at different magnifications.

Fig. S6. (A) and (B) TEM images of PAA sponge at thin area and fragments of thin frameworks,

respectively.
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Fig. S7. Thickness of the framework of PAA sponge.
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Fig. S8. Zeta potential of PAA sponge.
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Fig. S9. (A) Nitrogen adsorption/desorption isotherm and (B) pore size distribution of PAA sponge.
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Fig. S10. TG curve of PAA sponge at nitrogen atmosphere.

Fig. S11. (A) and (B) supplementary TEM images of NCS-800 at different magnifications.
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Fig. S12. HRTEM image of NCS-800.
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Fig. S13. EDS spectrum of NCS-800.
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Fig. S14. (A), (B) SEM and (C), (D) TEM images of NCS-700.

Fig. S15. (A), (B) SEM and (C), (D) TEM images of NCS-900.

S8



(A (B)
o
£ z
% o
e >
o o
mE \g]
o ~
\;‘ﬁ Sger= 17 m? g %,
= 3
>
N | —
T T T T T T
0.0 02 04 0.6 0.8 1.0 1 10 100
Relative Pressure (P/P,) Pore Diameter (nm)
©) (D)
~ &
o 22
n -
Ll [=2]
>
o E
£ =2
&)
et )
s 2 -1 g
> Sger =181 m°g 5
>
o
00 02 0.4 06 08 10 i

Relative Pressure (P/Py) Pore Diamétoer (nm) 100

Fig. S16. Nitrogen adsorption/desorption isotherms and pore size distributions of (A), (B) NCS-700

and (C), (D) NCS-900, respectively.
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Fig. S17. XRD patterns of NCS-700, NCS-800 and NCS-900.
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Fig. S18. (A) Raman spectra of NCS-700 and NCS-900, and (B) summary of Ip/lg values of NCS-700,

NCS-800 and NCS-900.
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Fig. S19. XPS surveys and high resolution spectra of (A-C) NCS-700, (D-F) NCS-800 and (H-J)

NCS-900, respectively.
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Fig. S20. (A) LSV curves of NCS-800 at different rotation speed and (B) electron transfer number

(n) at different potential calculated from Koutechy-Levich (K-L) equation.
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Fig. S21. (A) Cyclic voltammetry (CV) curves at different scan rate and (B) electrochemical double

layer capacitance (Cq) of NCS-800.
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Fig. S22. Tafel plots of NCSs and Pt/C within the potential range of 0.75-0.85 V.

Fig. S23. Optimized configurations of ORR intermediates of (A-C) graphitic N-, (D-F) pyridinic N-

and (G-I1) graphitic N- and pyridinic N- co-doped carbon.
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